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ABSTRACT 

Approximately 70 seventh grade mathematics students 
worked individually in self --instructional booklets for a period of 15 
weeks. Upon completion of each booklet, the student was evaluated by 
direct contact with a computer through teletype terminals. If 
criterion was not attained, half the students received first 
remediation through the computer and half from the teacher. Further 
remediation, if necessary, was from the teacher for both groups. The 
two methods of remediation were equivalent overall, but there was 
some indication that low ability students found teacher remediation 
more supportive. Analysis of economic factors in relation to 
performance measures indicate computer remediation of student 
performance is not economical at present. However, opposing cost 
trends for computer hardware and personnel indicate computer 
remediation could be feasible within a decade. (Author/RH) 
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TECH REPORT SERIES 



The FSU CAI Tech Report Series Is Intended to cotnmunicatG the 
research findings fj^om studies and sponsoredl projects that have direct 
Implication for the role of computers iu education and training. -The-.-^... 
rationale for the tech report seH as is fourfold. First, the tech 
reports provide a convenient document format for reporting the results 
of alT phases of large CAI projects. These projects typically span 
too many areas to be reduced into the more conventional research 
article format. Second, major computer systems designs will be pre- 
sented in their entirety within the tech report series. Third, this 
series will provide colleagues at the FSU CAI Center an opportunity to 
develop major conceptual papers relating to all phases of computers and 
instruction. And fourth, all the dissertations performed at the CAI 
Center will be published within this series. 

In tenns of content, one can anticipate a detailed discussion 
of the rationale of the research project, its design, a complete report 
of all empirical results as well as appendices that describe in detail 
the CAI learning materials utilized. It is hoped that by providing this 
voluminous information other investigators in the CAI field will have 
an opportunity to carefully consider the outcomes as wel 1 as have 
sufficient information for research replication if desired. Any comnents 
to the authors can be forwarded vi a the Flori da State Uni vers ity CAI 
Center. 
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WITHIN A .COMPUTER-MANAGED INSTRUCTION COURSE 
IN JUNIOR HIGH SCHOOL MATHEMATICS 

Edwin P. Durall 

' ABSTRACT 

Within a terminal -oriented CMI system, this study investi- 
gated the feasibility of presenting remedial instruction to students 
by computer as compared to remedial instruction presented by a 
teacher, _^ 

Approximately 70 seventh grade mathematics students worked 
individually in self-instructional booklets for a period of 15 weeks. 
Upon completion of each booklet, the student was evaluated by direct 
contact with a computer through teletype terminals. Half of the 
students, if the criterion of 80% was not attained, received remedia- 
tion from an insty^uctional sequence programmed into the computer. 
The other half of the students received remediation from their teacher. 
The remediation for both groups consisted of the student working 
through a sample test question while recieving feedback at each 
step in the solution. The student was then required to work a second 
sample problem without assistance. When the student had, successful ly 
solved the second sample problem, the test was readministered. If 
the test was failed a second time, the teacher worked with the student 
until criterion could be attained. 
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The computer-remediated (CR) students demonstrated equivalent 
academic performance, »"ate of movement, and attitudinal measurements 
as compared to the teacher-'-emedlated (TR) students. These results 
are particularly encouraging for high ability students. Analysis 
of the perfo'^mance data according to ability level, however » 
discovered significant differences among the lower ability students 
favoring the TR group. The computer remediation was not detrimental 3 
but apparently the teacher remediation was more supportive for lower 
ability students. Within ability levels, there was no significant 
difference between CR and TR groups as to the rate of n^ovement through 
the instructional materials. 

Highly positive attitudes toward mathematics in genera], CMI , 
and individualized instruction were exhibited by students in both 
remediation groups at the end of the study. Due to very high inittial 
attitiide measurements, no significant pre-post gains were demonstrated. 
During the study, the attitudes of the CR students toward CMI tended 
to become more positive while the comparable attitude of the TR group 
tended to become less positive. 

The teacher in the program, freed from clerical burdens, 
was able to concentrate on the higher level professional tasks involved 
in interacting individually with students as they worked in the book- 
lets and as they required remediation following a test. A closer, 
more personal relationship was developed between the students and 
teacher in the individualized setting compared to the traditional 
lecture and demonstration classes which existed prior to the study» 
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Analysis of economic factors in relation to performance 
measures indicate computer remediation of student performing below 
grade level is not feasible at present. Rising personnel costs and 
lowering computing hardware costs, in concert with the equivalent 
performance between high ability groups, indicate computer remediation 
for high ability students could be feasible within a decade. 

It is interesting that no significant difference existed 
between remediation modes in the amount of time spent in contact with 
the computer. However, the lower ability students spent a signifi- 
cantly greater (p<,01) amount of time on line than did the high 
ability students. These findings would indicate that when considering 
the economics of implementating a term,inal -oriented CMI system, ability 
level of the students appears to be a more important factor than mode 
of remediation, ■■■ • 
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I. BASIS FG iUL 



Introduction 

For centuries, teachers have been attempting to devise better 
methods of helping students learn in accordance with their abilities. 
But, apparently due to the complexities involved, the full potential 
of individualized instruction has not been realized. 

Two recent developments, the formulation of a systematic 
approach to the generation of instructional materials and the 
proliferation of computers, have given educators the means not 
only to devise models for individualized instruction but also 
to realize progress in the quest for a better instructional system. . 
The systems approach provides a more efficient means of generating 
instructional materials and of organizing learning environments. 
However, it was not until the computer gained widespread educational 
Usage in the processes known as computer-assisted instruction 
(CAI) and computer-managed instruction .(CMI), that the individualization 
of . instruction began to. make substantial progress. 

CAI is a process whereby the student receives instruction 
directly from a computer throggh some type of terminal which 
serves as the student/ computer interface. Typical terminal devices 
are typewriters, teletypes, or cathode-ray tubes (CRT). A CRT is a 
television-like screen upon which instructional materials may be 
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displayed and which contains a typewriter keyboat^d and/o'" light- 
sensitive pen which the student may use as response devices. Since 
the student spends large blocks of time in^direct contact with the 
computer, CAI is considered to be somewhat expens'^ve 

CMI, a more cost-effective use of the computer, relies 
upon a variety of nju lti--media or textual materials to. provide the 
bulk of the instruction, while the computer is involved with functions 
which may be considered primarily as managerial in nature. These func- 
tions include the recording of student responses, prescr^'pt ion of 
learning activities, maintenance of a student date fi^e, and other 
tasks of essentially clerical nature which the classroora teacher 
is normally expected to perform. A typical- CM! mode of instruction 
contains the following steps: (a) the student studies material 
relevant to a particular unit or objective; (b) the student is tested 
over the material studied; (c) if he fails to attain the acceptable 
performance criterion, the student studies the material again 
or is given remedial assistance; (d) -if the student attains the accept-- 
able level of performance, he is allowed to progress to the next seg- 
ment of instruction. , CMI is usually found in conjunction ^wi th a pro- 
gram of individualized instruction in which the student 1s allowed 
to progress through the learning materials at his own rate. . 

Within the paradigm known as CMI there are two models presently 
in operation: batch-process and terminal-oriented. Batch-process 
CMI is a procedure wherein the student does not come in direct 
contact with the computer. Tests are answered on mark-sense answer 



sheets or computer cards which are collected at the end of the school 
day, taken to a computer center to be analyzed, and returned to the 
school the following day. This is an economical use of the computer 
in that the data from large nbers of students can be processed at 
one time and the compute. r sys 1 does not need to be dedicated to 
that particular program, as is the case in some CAI operations. 
Disadvantages include the need for a middle man to handle the data 
and the likelihood of an overnight delay in receiving feedback 
regarding performance. 

In the terminal -oriented CMI procedure the student interacts 
directly with the computer in the testing phase of the instruction. 
Rather than marking answers on paper sheets or cards, the student is 
presented questions via a computer terminal and the response is recorded 
immediately by the computers. It is assumed that the direct student- 
computer interaction will allow the merging of the instructional capa- 
bilities of .:CAI with the managerial capabilities of CMI into a highly 
efficient system for the individualization of instruction. Hansen (1970a) 
has set forth three factors considered to be advantages of a combined 
CAI/CMI instructional system: (a) the capabi 1 ity to util ize CAI tech- 
niques in providing remedial assistance when desired; (t;>) elimination of 
a source of error in that the student is directly responsible for the 
information flow to and from the system; and, (c) student receipt of 
immediate feedback regarding his performance. 

The literature contains numerous accounts of the appl ication of 
CAI as an instructional system. There are also numerous reports of the 
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application of CMI techniques as being distinct and- different from CAI. 
There is, however, a scarcity of empirical evidence to support the 
assumption that CAI and CMI can be n:erged into a single instructional 
system or that the factors enumerated above are indeed advantages of 
such a combined system. In particular, when considering the use of 
CAI techniques to provide -^-dial assistance, an impo^-tant question 
arises: Can a , ...ar pt c-t lue remediation as well as a teacher? 
This study is directed toward that specific question. 
Statement of the Problem 

The feasibility of computer remediation as compared to teacher 
remediation was investigated through the following questions: 

1. Do students who receive computer remediation perform as well 
as students who receive remediation from their teacher? 

2. Does the mode of remediation received affect the rate at which 
students progress through the instructional materials? 

3. Does the presence of computer-managed individualized instruction 
have an effect on the student's attitude toward mathematics? 

4. What effect does the presence of computer-managed instruction 
have upon the functions and daily actions of the teacher? 

5. What are the costs of a terminal-oriented CMI system? 

Description of the Study 

In order to investigate the feasibility of CAI remediation" within 
a CMI format, two groups of seventh gradei students received 15 weeks of 
mathematics instruction (February 8, 1971 through May 21, 1971) via. 
individualized booklets. Each booklet comprised a single unit and 
was concerned with one topic in mathematics (see list of topics in 
Appendix A). Upon completion of a unit of work, each student received a 
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test from a computer via a teletype terminal. Half of the' students^ 
upon failure af a test, received remediation from an instructional 
sequence programmed into the computer. The other half of the students 
were referred to the teacher for assistance if they failed a test. 
Thus each aspect of the instructional process was held constant e;<cept 
the mode of remediation, allowing the feasibility of compute^ remedia- 
tion as compared to teacher remediation to be investigated. 

For the purposes of the study, remediation is defined as the 
presentation of examples similar to questions the student had received 
on a test which had been failed. In the first example the student, was 
required to respond at intermediate steps in the solution in order to 
determine the source of misunderstanding. The student was then presented 
a second example to work without assistance. A correct response to 
the second example was considered an indication that the student under- 
stood what he had done wrong and was prepared to proceed with the next 
step in the instructional process. The rationale for this remediation 
pattern is based un two aspects: (a) consultation with the mathematics 
teacher in the experimental classes; and (b) experience gained by the 
author in ten years of teaching in the public schools at both elementary 
and secondary levels. In those ten yegrs, through observation of the . 
techniques of a large number of mathematics teachers, it has been 
observed that almost all of them use essentially the same remediation 
system as was used in this study: working through a problem with the 
student and then requiring him to work one without assistance. Both 



the teacher remediation and computer remediation in this study followed 
this same pattern. 

Through the investigation of the five questions listed in this 
chapter, the researcher is attempting to contribute to the literature 
of educational research through the implementation and investigation 
of a combination CAI/CMI instructional system. It is hoped that this 
prototype system can make a positive contribution toward the individual 
zation of instruction within the schools. 

To provide a background of previous research and formulate the 
basis for this study, the next chapter presents a review of selected 
literature concerning CAI and CMI as they are particularly related to 
the individualization of elementary and junior high school instruction. 



II. REVIEW OF LITERATURE 



In the late 1950 *s it became apparent to innovative educators 
that the computational capabilities and managerial functions of the 
computer, which were making such an impact on the business arui v 
tific community, could be applied. to education. The computer 
was seen as a means of presenting instruction, but additional 
advantages would be in the stprage and analysis of data generated by 
student responses and the use of these data in the prescription of the 
instructional program for the student- In this manner a truly individ- 
ualized course of study could be designed for each student according to 
his unique capabilities, and through the use of the data generated by 
the student himself, the course of study could be updated and revised 
quickly and efficiently. 
Computer "Assisted Instruction 

The initial attempts to -apply the computer to the individuali- 
zation of instruction were made in the area of providing instruction 
directly by the computer. This instructional paradigm became l<nown as 
computer-assisted instruction (GAI) and quickly developed several levels 
of instructional sophistication : drill and practice, tutorial, problem 
solving, simulation , and evaluation (Hansen, 1970b). Emphasis herein 
win be placed on. the basic instructional levels of CAI as they per- 
tain to this study; i.e., drill and practice , tutorial, and evaluation. 
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The reader is referred to Bushnell (1967) for discussions of simulation 
and problem solving applications. 

Drill and practic e. The pioneer in drill and practice applicatiof 
of CAI is Suppes (1967) of Stanford. This typ- of s+u !.. i-r ..er 
interactTsn can be thought of as a supplement to the regular curriculum 
taught by the teacher. Building upon evidence that students need a 
great deal of practice in order to obfeidn mastery of basic arithmetical 
skills, programs were designed which allowed students to work individ- 
ually at various levels of difriculty. The student may be moved up 
or down in d-j-fficulty level depending on his level of performance. A 
typical procedure is for the teacher to introduce the mathematical con- 
cept in class; the drill and practice by the student fs accomplished 
at the cCTiputer terminal. The teacher is thus freed to pursue other 
more, important functions. The adwanta^s of this mode of application 
are that the student receives inrafid1a.ta feedback as to his performance, 
and the teacher receives a complete report of student performance 
(Sijppes & Jerman, 1969). 

A si:g.mficant application of Suppes' drill and practice material 
via CAI was %ii the McComb, Mississippi-, school district. Students in 
the first six grades were divided into experimental and control groups 
and their grade placement in mathematics was determined. At the end of 
the school year their grade placement jwas again measured. The differ- 
ence between pre^nd post-grade level placement favored the CAI group 
and was significaiit at the .01 level fn all six grades (Suppes & Jerman, 
1969). 
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Tutorial . At the second instructional 1 evel of appi ication of 
CAI are the tutorial programs which have the capability of real-time 
branching contingent on a single response or series of responses (Atkinson, 
1969). In other words, the tutorial level of CAI is one in which func- 
tions of the teacher may be assumed for certain periods of a school day. 
During this time the student may receive instruction in areas which- 
redundantly consume teacher time. For example, a student could be shown 
a sentence in which there are three different words he may choose 
from to use as the verb in the sentence. He chooses the verb which causes 
the sentence to make sense, This type of work, with its accompanying 
error messages, can easily be provided by a computer, but would consume 
great asmounts of teacher time. 

One of the first programs to utilize CAI in a tutorial mode was 
"the reading program developed at Stanford for use in the Brentvfood School 
in East Palo Alto, California. This program consisted of a core of prob"- 
lems* which the student was. required to master. The problems could be 
branched around by passing pretests, solving correctly, or solving in-- 
correctly, in which case they were branched to remedial material. At 
the end of the year there was between fastest and- slowest students a 
difference in problems completed of over 4000 problems; on achievement 
measures, the CAI group outperformed the control group- at either the 
.05 or .01 levels of significance in nine of the ten measures (Atkinson, 
1969).. 
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A major public school program involving CAI at the tutor -aJ le\/e 
in both reading and mathematics was the rural county CAI. project; in . 
Wakulla County, Florida.- Developed in conjunction wth the CciTiputer- 
Assist^d Instruction Center at Florida State University, this three 
year pro^^ct*s data show significant positive improvement in redding 
and mathematics skills from year to year. Due to contdminatioi"^ ' 
control grpMPS brought about by large scale shifting cf students v^fhen 
the district underwent total desegregation, comparative results were 
somewhat mixed. However, the data show steady progression of black stud 
upward tpw^rd more normative achievement test means as adjusted by 
Kennedy (1969) for southern rural black students (Hansen, Johnson, Dural 
Lavin, & HcCgne, 1971), 

Evaluation . , Research has indicated- that CAI can be utilized !n 
Performing testing- and evaluation functions; Using elementary students 
SiS sub^^cts and teletypes as computer terminal s, Ferguson (1970) reports 
that computer-based criterion-referenced testing can be as reliable and 
valid ?ts conventional testing and that- computer-based ' testing consumes 
less tim^. 

At Florida State University CAI has played an important role In 
the formative evaluation of the Intermediate Science Curriculum Study, a 
program designed for grades 7-9. After three years of instructional 
materia(l presentation via CAI, three factors appear to be particularly 
interesting: (a) CAI provides a much more detailed evaluation than is 
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possible through field trials; (b) evaluation information can be fed 
back to curriculum revisors with a greatly reduced lag time; and, 
(c) after approximately four hours a- week of exposure to CAI through- 
out three years, thus logging more- CAI timethan any other known group, 
the students still indicated a strong positive reaction to CAI and a 
willingness to continue in a CAI program (Hansen , O'Neil, Brown, King, 
& Riveps^ 1970). • 

To summarize, it. may be noted- that the use of CAI has grown 
considerably since its inception as witnessed by the fact that in 1963 
one public school was utilizing CAI whereas this had increased to 77 by 
1969; in 1959 one university had CAI capabilities and this had grown to 
50 by 1969 (Tuttle, 1970). In a broad sampling of journals and ijisti- 
tutional reports Bundy (1968) reports the.,fpl lowing conclusions : (a) 
students learn as well with CAI; (b) CAI can provide equivalent learning 
in the same amount of time; (c) CAI adjusts quite- well to individual , 
differences; and, (d) students genei^ally have a positive attitude toward 
CAI. Keeping in mind, the' relative infancy- of CAI , these conclusions must, 
be considered tentative , but- it may be noted that CAI is apparently a 
viable instructional and.evaluation system, and, as such, is expected to 
play a major role in the individualization of instruction in the future. 

Computer-Managed Instruction 

Many educators recognized the contribution CAI could make 
toward a |>rogram of individualized instruction, but-most were wary of 
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the costs of implementing CAI and the concomitant large developmental 
efforts that were required. Out of this quandry grew a second appli- 
cation of the computer to the instructional process. It was proposed 
that the computer be utilized in the management- and record keeping aspects 
of instruction, but that students work from a variety of off-the-shelf 
or textual materials-. Thus, existing instructional materials could be 
utilized without an expensive developmental effort. Further savings 
would be realized by removing the computer- from the- teaching phase of 
the instructional process,- but at the .same time the advantages of the 
high speed data handling, storage, and retrieval functions of the comput^-^ 
could be used to full advantage. This model became known as computer- 
managed instruction (CMI) and quickly assumed importance in elementary 
and junior high school individualized instruction efforts. Three of 
the major. CMI projects are worthy of detailed consideration. 

Project PLAN . Project PLAN (Program for Learning in Accordance 
with Needs) was originated in 1966 through a joint venture involving 
the American Institutes for. Research, the- Westinghouse Learning Corpor- 
ation, and twelve school districts throughout the country (Flanagan, 1970). 
It has now spread to 24 cities involving 20,000 students (Rogers, 1971).. 

The proposed function of the new educational program is to 
provide a flexible system in which the student can be assisted 
to take as much responsibility as possible in^ the planning and 
carrying out of his own educational development (Flanagan, 
1970, p. 2). 
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The five major components of the PLAN system are: (aj a set 
of educational objectives; (b) learning methods and materials; (c) 
evaluation; (d) guidance and individual planning; and, (e) teacher 
development (Flanagan, 1970). 

The role of the computer in-PLAN involves a great variety of 
functions. The computer processes the daily tests taken by the students 
and provides printouts of these results for the teachers. These data 
are used to constantly update and revise the student's program of studies. 
A weekly status report is also provided. In addition to the daily and 
weekly processing functions , the computer assists in registration of 
the student and in the actual planning of his course: of study, including 
the placeinent of the student in the program of studies , establ ish.ing 
a quota in terms of numbers of modules to. be completed, and a selection 
of the actual modules of instruction to' be. received by the student 
(Flanagan, 1970). The constant updating and revision of. student data 
and the, planning and prescriptive; usage are. critical features in making 
this type of computer application practical. In an effort to facilitate 
the flow of information to and from the computer, each of the Project 
PLAN schools has recently received' a terminal through which the teachers 
can interact directly with the- computer (Rogers, 1971). 

System Development Corporation/Southwest Regional Labor atory . 
Working outside the realm-of individualized instruction but des.igned to 
assist teachers in a tradi tional elementary -'school setting achieve a 
measure of individualization, a CML effort was originated under the joint 
sponsorship of the System Development Corporation and the Southwest. 
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Regional Laboratory for Educational Research and Develcpment (S))berman, 
1969). This CMI system was designed to help the teacher monitor- the 
progress of the students and make decisions on the pace or instruction, 
the grouping of children, the sequence of 'essopv, and the i nd . vidua M'za- 
tion of instruction. The four primary components the vnto-^mation 
management system are objectives , tests, repovts, and p^^escr-jpt ions; H 
helps teachers by providing information about each chi'^d's ach-»eA eu^ent . 
suggesting activities to help a pupil understand a "Wesson, and p.'oviding 
a framework for making decisions on classrocni mancgenient (Geddes & 
Kooi, 1969). 

Individually Prescribed Instruction . Perhaps the most far- 
ranging effort in the CM! field-was the IndivlduaVly Prescribed Instruction 
(IPX) project instituted in the Oakleaf School System in Pittsburgh by 
the Learning Research and Development Center of the University of 
Pittsburgh. The IPI program is based on an instructional model consist- 
ing of the foTloviing sequence of operations: 

1. The goals of learning are specified ^n terms of observable 
student behavior and the conditions under which this behav- 
ior is to be exercised. 

2. Diagnosis is made of the initial capabi llties with which 
the learner begins- a particul ar course of instruction , The • 
capabilities that are assessed are those relevant to the forth- 
coming instruction . 

3. Educational' alternatives adaptive to the initial profile of 
the student are presented' to himv The student selects or is 
assigned' one of these al ternatives « 

4. Student performance- is monitored and' continuously assessed as 
the student proceeds to learn. 

5. Instruction proceeds as a function of the relationship between 
measures of- student performance, available instructional alter- 
natives, and criteria of competence. 

6. As instruction proceeds , data are generated for monitoring 
and improving the instructional system (Cooley & Glaser, 
1969, p. 96). 
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Automation is not a prerequisite for the implementation of the 
IPI model and the project initially operated in the nonauton^ated form, 
much as it is being used in school systems across the country at presenl. 
After three years of ■ operation in the nonautomated form, batch-process 
computer capabilities were added to the program in the form of a Manage- 
ment Information System (MIS). 

There are four major functions which the MIS can provide in an 
individualized school: (1 ) col lect data; (2) monitor student 
progress; (3) provide prescriptions; (4) diagnose student diffi- 
culty. These functions have two primary objectives: to increase 
the effectiveness of the model for individualizing instv^ijctfon'.: 
and to maximize the productivity of the teacher operating the 
IPI system (Cooley & Glaser, 1969, p. 106). . . 

Through supporting the^ IPI instructional system with the functions 
of the MIS, IPI/MIS has been shown to be one of the leading projects in 
the research and implementation of individualized computer-based instruc- 
tion. Cooley and Glaser (1969) admit that a shortcoming of the IPI/MIS 
system is that each school has only one terminal and it is not in the 
classroom. They speculate that the next step in the development of IPI/ 
MIS is to add classroom terminal capability so that both students 
and teachers will -have access to computer terminals. The paper on 
computer-based testing by Ferguson (1970), an associate of Cooley and 
Glaser, indicates that IPI/MIS is moving in that direction at the. 
present time. 

Thus we can- see that IPI/MIS is unique in that it is the only 
project which has existed in a nonautomated form, moved to batch-process 
CMI; and is now moving into the other CMI mode, which was earlier 
described as terminal -oriented CMI. 
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Terminal -oriented CMI . The model toward which IPI/MIS appears 
to be moVing'is in full scale implementation at Florida State, University^ 
where the majority of the CMI activities are directed toward university 
undergraduate and graduate instruction. Since this study was conducted 
on the junior high school level , these university level instructional 
activities, with the exception of one research study, will not be dis- 
cussed in this paper. However, the reader is referred to the FSU CAI 
Center annual reports authored by Hansen, et al o (1970); and Hansen, 
Brown, O'Neil, Merrill, & Johnson (1971). 

The study which relates most directly to the research described 
in this paper is the terminal-oriented CMI -investigation conducted by 
Lawler (1971). With university undergracfuate health education students 
as subjects, Lawler examined the efficacy of providing remedial prescrip- 
tions for students who failed to attain criterion on unit tests, thereby 
forcing the students to attain mastery on each test. The prescriptions 
were usually hints as to which portions of the instructional materials 
should be studied again or were suggestions as to which references 
should be pursued closely. This can be considered a somewhat limited 
use of the terminal -oriented capabil ities to provide remedial activities 
nor does this use capitalize on the full power of CAI techniques that are 
available to provide remedial instruction. Nevertheless-, significant 
differences were observed in favor of the prescription-forced mastery 
CMI group over a CMI group which did not receive prescriptions and was 
not forced to attain mastery. In addition, significant differences in 
performance and attitudes, in favor of the CMI groups as opposed to a 
control group taught by conventional classroom techniques, were observed. 



III. METHODOLOGY 

CMI Model 

The model for computer-managed 1nd . vidua! 1zed Instruction 
developed for this study is one which incorporates the tutorial capa- 
bilities of CAI within the managerial capabilities of CMI, as discussed 
in the previpus chapter. A flow chart of the steps in the instructional 
system is depicted in Figure 1. 

Learning Materials 

The learning materials consisted of sel f--instructional booklets 
generated through a. curriculum project in Palm Beach County, Florida 
(Palm Beach County Board of Public Instruction, 1969). The project was 
funded by State of Florida Educational Improvement Expense and ESEA 
Title III funds. On its staff were a total of 34 mathematics teachers 
and other personnel experienced in curriculum planning and development. 
The materials were provided for this research in return for documentation 
of their use in a computer-based program. 

Thq systematic technique utilized in developing the instructional 
units involved several steps beginning with the statement of performance 
objectives for each unit of instruction. Instructional strategies and 
activities designed to lead the student toward the performance criterion 
were designed in conjunction' with existing textual materials.. Other ■ 
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state-adopted textbtii^ks iWsere usFrf as supplementary reference^ sources. 
Evaluation of stude^tit per^rmatrt^r was conducted withiri each: unit and 
at the end of segmeir^s '^f units 'i^rtaining to a general topic (e.g., 
multiplication of f racctm-^r^s) . lifen: results of the evailuations con- 
ducted during the i^Ttiiii ^fear Bif implementation provided data for the 
revised version of the iffiinBrials;,e::portions of v/hich were utilized in this 
study. 

The partlculdr materials used in this study were selected to 
maintain continuity wTth the topics which had been discussed during the 
first semester of the schoo] year and to generally follow the content 
outline presented in the state-adopted textbook in use in the school . 
See Appendix B for a sample unit booklet and its accompanying unit evalua- 
tion. 

Each booklets which compi^ised one unit concerned with a single 
topic, contained behaviorel objectives pertaining to the skill to be 
acquired in the study of that topic. The students were provided instruc- 
tion regarding the topic and worked at their own pace through problems 
which led them toward the skill required to fulfill the objective for 
the unit. Upon completion of the work required in the booklet, and when 
they felt they were prepared to be evaluated, the students proceeded 
to a teletype terminal and received the test questions from the computer. 
The examination consisted of five criterion-referenced multiple choice 
questions, designed to test the skil 1 required in the behavioral objec- 
tive for that unit. Upon completion of the examin^itlon" the students, 
were provided immediate feedback through presentation of a . table 
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summarizing performance on the test; A- sample table is shown in Appendix 
C and represents a- basic form of a data management s^'Stem integral to 
any CMI system. 

If the student achieved- criterion (80S$) in the test, he was told 
to proceed to the next unit. 

Remediati on 

If the student failed the test, the performance table was prescnteci 
and the remediation proceeded according to the followmg steps: (see 
also Appendix D): 

A. Teacher-remediated group » 

1. The student was directed to consult the teacher for help and 
was signed off, 

2. After being assisted by the teacher-, the- student returned to 
the terininal and the test' was presented again. 

a. If the student- passed the test he proceeded to the next 
unit. 

b. ' If he failed again, he- was- once- more directed to see the 

teacher, who worked with the student- until he could pass 
a test off line (away- from the computer). The second 
failure- branched- the computer- to the next unit. 

B. Computer-remediated group. 

1. The student was presented a sample problem similar to the 

problems on the test.' In this first- problem-, the student was 

required to- respond- at intermediate- steps in the solution in 
order to determine- area- of difficultyv - Error messages intended 
to alleviate the. difficulty- were then presented. 
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2. A second example was presented which the student was required 
to work without assistance as in a test situation. 

a. If the student answered this second example correctly, 
he was presented the test again, 

(1 ) If he passed the test he proceeded to= the next unit. 

(2) If' he failed^ the test' the second- time,- he was signed 
off and sent to the teacher for assistance. No 

• further computer remediation was attempted. The 
teacher worked with the student until ' he could pass 
a- test off line before proceeding to- the next unit. 

b. If he answered the second example incorrectly, he was 
told the correct answer and why it was correct. 

(1) If the student was aware of what he- did wrong, he 
could elect to- take the test again at this point. 

(a) ' Step 2.a.l . above. 

(b) Step- 2. a. 2. above. 

(2) If the student still did not understand the problem 
following the second example,- he could elect to 

sign off and consult the teacher. • He* was required to 
sign on- again 'to* retake the test. 

(a) - Step Z.a.l . above. 

(b) Step 2.a.2. above. 

Instruments 

The- evaluation instruments* for* this study were: 
Individual unit' tests . • These* were* five* question* critertdn-refer- 
enced mu 1 ti pi e choi ce tes ts taken^ di rectly from the- Pal m* Beach County 
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materials. The tests were' generated^ concurrently with the' instructional 
materials through- the major State and Federally funded curriculum effort 
in Palm Beach County. The tests had been in use and had undergone one 
revision. See Appendix B. 

Review tests. • At- the end- of 'major topical sections of the 
materials were ten question review tests- which- were- presented to the 
student at the computer- terminal .- ■ The questions on these tests were 
equivalent forms of the- individual unit test questions. These tests 
occurred at units 10, 19, 26-, and 31, and no remediation- was presented 
on these units . 

Post test. The posttest was a 25 question multiple choice test 
administered individually away from the' computer terminal upon completion 
of the first 31 units of the instructional materials, 

Upon completion of the unit 31 test the student was allowed the 
next class period to study for- the- posttest-,- which was then- administered 
the following day„ . In a- very small number of cases, a weekend was 
involved in this procedure.- However, none of the instructional materials 
was taken . home by- the students- and all' studying was done in class. The 
procedure for allowing one- class- period of study time-^for the posttest 

was adhered to for all students. 

Since the students- moved- at- different' rates through- the instruc- 
tional materials and-completed' unit- 31 at different- times;, it was felt 
that some method^ of providing equivalent,- but' not- identical ,- tests had to 
be devised. This was accomplished; by forming a pool.' from all questions . 
received in units 1 through 31 ' (excluding review units 10", 19^, 26, and 31). 
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Ttepool iv'as then stratified according to the four major topic areas 
wfilsjh were represented by the- first 31- units.' A routine was devised so 
that the computer randomly generated 25 questions in such a manner that 
the posttest questions reflected' the same concentration- of topics as was 
reflected in the 31' units themselves. - By signing on to- teletype terminals 
located if\ the CA-I Center with each- student's individual identification 
nuntfsr, a separate test for each student was generated by- random selec- 
tiQn from this pool of questions. 

Because each student received a different- set- of questions during 
the posttesting,- it- was- not possible to calculate a reliability coeffi- 
cient for the instruments-. However,- when the posttest scores were corre- 
lated with the retention test scores- (coefficient^ alpha reliabil ity = .79), 
a correlation coefficient- of- .76 was- realized. This correlation was 
significant well beyond- the- .01- level of probability, where- a coefficient 
of .325 was sufficient for significance- (N=64,- 62- d.f .-)-.- Thus, concerns 
about the reliability of this instrument were somewhat alleviated. 

Ret ention test . The same routine- as described- above for the 
posttest was used to generate- the retention test (see- Appendix E) . By 
signing on- to a teletype terminal at the- CA-I Center with an unused 
situdent identification number,- another 25- question multiple choice 
test was generated.' ■ This- test- was- then- dupl icated- and- administered 
to all students- ir» the' study on- the same day. 
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In the case of the retention test,' a- true- measure' of retention 
that was not affected* by study time- was* desired*. - Therefore, -at the end 
of the 1 5 weeks- of the* study, all work* in- the- materials- ended on Friday, 
May 21 . No materials* were* taken- home* over* the- weekend;* • Monday class 
period was fully consumed* by* administration- of- the- CMI/Indi vidua] ized 
Instruction- attitude- scale-, and' the' retention' test*- was- administered on 
Tuesday, May 25. 

The reliability of' the retention test* became a* matter of concern 
when it was learned that' the students* had* * been involved- in a Softball 
game during* the period prior* to the testing and were* to- return to the 
game following completion of- the- test*.- . Administering- an important 
achievement measurement- between* innings of* a Softball- game* is apparently 
one of the unknown factors a* researcher* must be prepared* to face when, 
field testing a program in* the* public* schools*.,; When- the* retention test 
scores were analyzed*,* however,' the coefficient alpha reliability was 
calculated to be .79. 

Mathematics- attitude* questionnaire* . • Studies reviewed by Aiken 
(1970) have indicated* that attitude* plays' a si gnificant* role in achieve- 
ment in mathematics To* assess' the* effect* of- the= experimental program 
on the student attitudes*, mathematics* attitude* measurements were taken 
prior to the beginning of the* investigation* and- again- upon completion 
of unit 31. The attitude* questionnaire* presented was* derived from - 
that- developed, by Dutton* and*.Blum *(1968')-,* and* used* most often in 
mathematics attitude studies* at: the- junior high' schooMevel (Aiken., 
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1970)-. Dutton has* reported' a; Spearman-Brown Test-Retest Reliability 
coefficient of .84 for the Instrument,. 

. The* questionnaire' contained 25 items ca Ming for responses 
ranging from 1 to 5, where 3 was a neutral' responses ' The students' 
scores were obtained' by summing- al l* responses- after' reversing negatively 
worded items. A score of 75, therefore, would' be' considered a neutral 
score. A copy of the questionnaire is included in Appendix F. 

CMI/indi vidualized - instruction attitudes . A questionnaire 
concerning attitudes toward CMI developed by Brown (1966) was' revrsed 
to be compatible with a junior high school situation;* a subscale re- 
garding nonautomated' individual ized instruction^ was included. This 
questionnaire was administered- at the end of the second week of the 
study to measure initial reaction and- again at the* end^of the 15 week 
period. The total instrument containing* both the' CMI and' individual ized 
instruction subsca'Ses', was- made up' 36- items calling' for responses rang- 
ing from 1 to 5, where* 3 was a- neutraV response-. These scores were alsO: 
obtained by summing* all responses after reversing' negatively worded 
items. A score of 108 a' therefore v would' be considered- a- neutral score. 
Brown reports an- alpha reliability coefficient' of .86- for this ques- 
tionnaire. A copy of the instrument is included in Appendix G. 

Subjects 

Two classes' of seventh- grade mathematics* students taught 
by Mr. Randy Anderson at; Wakul -la County High School-,* Medart, Florida, 
served as subjects for the study.- Seventy-one* students participated at 
the beginning of the program*,' but- attrition^ reduced this number to 
65 by the conclusion' of the study-. - - Mr*. Anderson- taught two other 



27 

classes,' but it was* found- through* interviews- with- the students 
in the other two classes* that the reading* level of the mathe- 
matics materials, even though it was about fourth- grade level, was 
too difficult for them-.* ' The' students^ participating- in this study, 
therefore, were those* who* were* generally able- to follow the direc« 
tions in the booklets. There* existed within this' group' a wide range 
of mathematical and reading* abil ities as' evidenced- by the- scores on the 
Comprehensive Tests of Basic Skills (Cal if orni a- Test Bureau , 1968) 
administered in September, 1970. In' reading, the- grade equivalents for 
this group ranged from 2.0 gradesto 12.6 grades v with a median of 6.6 
grades. The mathematics grade-equivalents also ranged from 2.0 to 12.6 
grades, with a median of 6.3 grades. 

The students- at' Wakulla High- School are- grouped- according to 
ability. The two- classes participating- in- this study comprised the 
high and medium abil ity groups- in the- seventh grade-. The- median grade 
equivalents* in reading* and mathematics' showed- a deficiency of .4 and .7 
grades,- respectively-, for these- groups*, while- school' testing records 
indicate the average- seventh' grader was 1% years below grade level . 
See Appendix H- for a description of the- Wakulla- County community. 

The students were randomly assigned* to treatment- groups within 
each . class so that half' of- each class- received' computer remediation and 
half received teacher remediation. The- intent of- this' procedure was two- 
fold: first, to avoid the chance assignment' of a majority of one class 
to the. teacher remediation group, thus^ working' a hardship* on the teacher 
and causing undue delays for the* students r and- secondly, to distribute 
the possible effect of the teacher across student groups.. 
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All of the subjects had- prior- experience- with* the use of the 
teletype terminals* which- comprised* the- student'-computer interface. They 
had participated- in the GAl mathematics and- reading' project developed 
through the CAI Center at Florida* State University, Therefore-, any novelty 
effect which might have* been a- factor* in the students*' ^achievement should 
have been considerably reduced. 

Apparatus 

The computer- and- terminals that were utilized* in/ the study are 
components of the Computer-Assisted Instruction Center at' Florida State 
University. The computer is an IBM 1500 CAI instructional system, 
composed of an 1800 central processing unity two 1810* disk drives, and 
a 1502 station control unit. 

The IBM- 1500 CAI' system is equipped with' a- dual^ magnetic tape 
drive upon which all student responses* are' uniquely identified' and recorded. 
The staff of the FSU-CAI Center has developed- a data* management system 
which compresses, sorts, merges , and summarizes this* data for theoretic 
analyses. This system was util ized' to collect and' analyze* data for this 
study. 

Late in 1968,- a* telecommunications* capability was* added to the FSU 
1500 CAI system. This was accompl i shed* by the addition* of a Digital 
Equipment Corporation 680' Switching System;. * This device* collects and 
sends data to local or remotely located* teletype* terminals- under control 
of a PDP-8 computer. This* system' ;is- interfaced with' the* IBM* 1502 Station 
Control Unit in such a way that the 1500 system- will service remote tele- 
types in the same manner it would a local 1518 typewriter. At the time 
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of this study, fourteen teletype terminals were supported via the 680 
system. Six of these teletypes were located at' the CAI Center and four 
in Shadevi lie El eme.itary School in Wakulla County. 

The remaining four teletypes, located at the Wakulla County 
High School, comprised the' student-computer interface for this study. 
The teletypes were housed in a room reserved for this purpose which 
was very near the classroom. Two capable adult proctors were present 
in the terminal room during- school hours and were v-esponsible ^oc signing 
the students on to the program- and assisting them in the use of the 
terminals. 

Experimental Design 

The research design for this study is essentially a Post Test 
Only-Control Group Design (Campbell & Stanley, 1963), with the computer 
remediated group receiving the "treatment" and the: teacher: remediated 
group acting as a control. A deviation from the design presented by 
Campbell and Stanley exists in that the post- testing occurred as the 
students completed a fixed amount- of instructional material , and thus 
varied in time. Time, therefore, was an uncontrolled- variable , but 
this is inherent in an individualized instruction setting where students 
are free to work at their own pace. 

Procedural Schedule 

A graphical representation of- the- activities' of the study is 
shown in- Figure 2. In summary form, the procedural schedule was as 
f ol 1 ows : 
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Wednesday, February 3, 19'71' ~ administration of the' general mathe- 
matics attitude questionnaire. 

Monday, February 8 through FridayyMay 21 stiidents received in- 
struction from the- individual i zed' booklets' and were tested on 
the computer terminal. 

Friday, February 19 (end of' second week') ~ administration of CMI 
attitude questionnaire- to obtain initial ' student reaction. . 
Thursday, April 1 (eighth week') students- began moving through 
Unit 31 and the post^- testing began-. The general mathematics atti- 
tude questionnaire was readministered- upon- completion of the 
posttest. As the students worked through units' above number 31 , 
the unit-by-unit remediation- ended*. • Instead- of a computer- . 
administered test over each- unit ,' the students- took a- written test ■ 
which they checked themselves, and received a computer test only, 
at the end of five-unit- segments-. This; change served three primary 
purposes : 

1 . Reduced the- use- of the- terminals- by the^ faster^moving- students and 
provided more time- for the- slower-moving students to use the 
terminals. 

Provided an opportunity tovcompare- weekly- testing with daily 
. testing in order to determine- an- optimum routine. 
3.- Reduced the time' the- students- were on- 1 ine- and- thus facilitated 
movement to and from the terminals. 

The post-testing- and- attitude measurement- occurred- continuously 
throughout April .and^ May as the students' finished Unit 31 ., 
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Friday, May 21 — completion' of the' ins tructionaV portion- of the study, 
Monday, May 24 — administration of the CMI attitude questionnaire. 
Tuesday, May 25 " administration of' the' retention test over the 

• material in- the- first 31 units. 
Wednesday, May 26 last day of school. 



.IV » ANALYSIS OF RESULTS 



In this chapter each research question will have its statistical 
findings..presented in the order reflecting the activity of the experi- 
ment. Because this is a feasibility study as opposed to theoretical 
research, many of the statistical analyses are posed in descriptive 
form. Where inferential statistics are used, the null hypothesis 
of no difference between remediation modes is implied, all statistical 
tests are two-tailed, and no specific rejection lev^^T of probability 
is adhered to. The calculated probabilities are' reported and 
the reader is allowed to determine feasibility relative to his 
own situation. 

Throughout the remainder of this document the four groups 
involved in the study will be identified by the following codes: 
CR = Computer-remediated 
TR = Teacher-remediated, 
. HCR = High ability computer-remediated 
LCR = Low ability computer-remediated 
HTR = High abil ity teacher-remediated 
LTR = Low ability teacher-remediated, 

Question T; Student Performance 

Do students who receive coinputer remediation perform as well as 
students who receive remediation, from their teacher? 
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Unit teesE^:. The forcedxiri terion lave! of 80% for eacfcof the 
individual unilt tsfes precluded ttihe use of traditional norm- 
referenced ststSsEfiziral analyses on these scores. The most valua- 
ble information, therefore, would seem to Involve the -number of 
students in each remediation mode who attained criterion on the 
individual unit tests. Since there were unequal numbers of students 
in the remediation modes and all students did not complete the 
same number of units, percentages of units successful ly'compl eted 
by each group compared to the total number of units completed were 
calculated for each group. These figures are presented in Table 1 and 
concern only those units among the first 31 units in which remediation 
was received (this excludes review test units 10, 19, 26, and 31). 

Within each group shown in Table 1, the top row of numbers 
in columns B through G are numbers of units , and the second row of 
numbers indicate the units in terms of percentages. For example, in 
the HCR group a total of 513 units was completed. Columns B and C 
show that of those Sili3 units , 457 ^(89J%) of the units w^ere passed^ 
56 (10.9%) were faSl^xon the f irst:: trial . Columns D araid E show ithat 
of the 56 units iMIssfin Column €, 42 (75%) were passed on the second 
trial while 14 (2i^^l^ene failed.. Holumns F and G give the totalks^for. 
both 1 and 2 triafe.- 
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TABLE 1 



Number and percentage of students who passed and 
failed unit tests. Criterion = 805^. 
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To determi ne i f a s i gni f i cant di f f eren:ceH.exi sfedi: between 



unit test performance of the CR and TR students, a ChiHsquare test was 
applied to the data in columns F and G. The following comparisons were, 
made: HCR versus HTRi LCR versus l,TR, and Al 1 CR versus All TR. The 
probability of a significant difference was greater than ,20 for the 
HCR-HTR and AIT CR-All TR comparisons / and greater than .10 for the 
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LCR-LTR comparison. These results indicate that the performance of 
the CR and TR students did not differ significantly on the:iunit tests. 

Column D provides a direct measure of the efficiency of the reme- 
diation provided to the students. Among the high ability students, 
the teacher remediation was 805^ effective compared to 75% effectiveness 
for the computer remediation. The differential between lover ability 
students was 69% to 62% in favor of teacher remediation, atid. the total 
for each remediation mode was 74% to 66%, also favoring teaEher remedia- 
tion. A Chi-square test indicated the probability of a signriificant dif- 
ference in the- Al 1 CR-Al 1 TR distributions was greater thani the .05 
level, and that the probability of a significant difference; in the HCR-HTR 
snd LCR-LTR distributions was greater than the .2.0 level. Ihese results 

encouraging in that even liiough the teacher remediation was more 
efficient, the performance of the students within each ability group 
on the computer remediationwas; within acceptable levels. 

Review tests . A second measurement of the performance of the> CR 
groups as compared to the TR isioup^- is the scpre^ a 
group oh the review tests whidfj occurred at uniSs 10, T9s 26, and 31. 
The analysis of the review test scores is presented in Hiile 2. 
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TABLE 2 

Group MeanScores on Review Tests 



Ability Level 
High Low 


Remediation Mode 
T. Computer,... 


92.1 (n=19) 


75.2 (n 


=17) 


84.1 


Teacher 


90. /7 (n=18) 


82.5 (n 


=16) 


86.8 




91,.:^ 


78.8 




85.4 


Analysis of Varitance Table 
Source d,f. 


MS 


F Ratio 




r.fifimeid.tattG)n; ;Mbde 


11 


503.3Xi 


1 i252:. 


p>.25 


Ability Level 


1 


10691 .43 


26.597 


p<.01 


Remediation Moife: X 
Abiiil ity Level 


1 


1291.92 


3.214 


.;i!0>p> .05 


;Error ■ 


64' 


401.97 







The anal^is Indicates no statistically significant difference 
between high abSity students across remediation modes , but:a difference 
favoring the TR students between" the lower c(bi1^ The probabi- 

lity of a significant interaction was greater than the- .05 level , pri- 
rmarily due to the seven point difference between the means of the LTR* 
and LCR students. 

Table 3 reports the performance of the students on the review 
tests relative to the criterion of 80%. 
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TABLE 3 

Percentages of students who attained 
criterion of 80% on review tsSts 





10 


Review Test Units 
19 26 31 


Total 




HeR(n=19) 


m.7 


89.4 


89.4 84i^ 


89.5 




LGR(n=17) 


83,2 


41 .2 


76.5 56-.3 


71.3 




All CR 


91.7 


66.7 


83.3 7i:.# 


80.1 




:HTK(n=18) 


94.4 ■ 


77.8 . 


'94.4 8a. 9 


88.9 




JJI5E((n=16) 


87.5 


68.8 


87.5 :££IS 


78.1 




m j\ TR 


91 ,2 


73.5 


:,91 .2 '73zM: 


83.8 





In general, higher percentages of TRVsstudents attained erf terf on 
OTiithe review tests than did CR students. There are somewhat sjnaUT 
disfTferences between the higher ability groups, with the tofeai vbeSngj 
Hsltghtly in favor of the HCR group. Howeveir;, with the excepttoia-M^^ 
TtfaS: unit TO test, there were large differencHs in favor of the; 
IjIK' group over the LGR group, 'indicating that the teacher remedlsEfei on 
Isli a more positive effect for the Tower abnflity students. 

Posttest . As the students completed unit 31 , the 25 question 
';po;sttest was administered. The results of the analysis of the scores 
are presented in Table 4. 
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TABLE 4 



Group meain scores on posttest 


/Ability Level 
High Low 


Remediation Mode 
Computer 


86.5(nr 


=19} 60.3(.n=i6) 


73.4 


Teacher 


83.3(n^ 


=17) 69.90n=14) 


76.6 




84.9 


65.1 


75.7 


Analysis of Variance Table 
Source d.f. 


MS F Ratio 




Remediation Mode 


1 


180.669 .7043 


p=.59 


Ability Level 


1 


6876.622 26.8086 


p<.001 


Remediation Mode 
Ability Level 


V 

1 . 


716.695 . 2.7941 


p=.096 


Error 


66 


256.508 





As in the review test results, a nonsignificant difference is 
observed between the hiqh ability groups along with a larger difference, 
in favor of the LTR group, between the lower abil ity students. In 
relation to the 80% level , 84% of the HCR group attained that level . 
compared to 61% of the HTR group. Among the lower ability .students, 
38% of the HTR group scored 80% or higher compared to 13% of the LCR . - 
group. The total for each nemediation mode shows that 54% of the CR 
students attained the criterion compared to 50% of the TR students. 

Retention test . Slightly different results were obtained in the 
retention testing than were obtained in the review test and posttest 
situations. These results are presented in Table 5. 
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TABLE 5 

Group mean scores on retention test 

Ability Level ~ 
High Low 



Remediation Mode 79.8(n=19) 58.1(n=16) 69.0 
Computer 

Teacher 81.4Cn=17) 68.3(n=14) 74.8 

80.6 63.2 72.7 



Analysis of Variance Table 
Source d.f. 


MS 


F Ratio 






Remediation Mode 


1 


555. 571 


2.8185 


P= 


.09 


Ability Level 


1 


4847.923 


24.5947 


P< 


.001 


Remediation Mode X 
Ability Level ' 


1 


291.574 


1.4792 




.23 


Error 


61 


197.113 









The analysis again fails to reveal a significant difference 
between the high ability groups , but the observed difference was in 
favor of the HTR group. Once again, however, the LTR group outperformed- 
the LCR group, and the probability of a significant difference between 
remediation modes was .09. 

In relation to the 80^ criterion, 59i;of the HTR group 
attained criterion compared to 58% of the HCR group, while 36% of 
the LTR group reached criterion compared to 13% of the LCR group. 
The total between remediation modes was 48% to 38% favoring the TR students. 
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Comprehensive Tests of Basic Skills , The Wakulla County School 
system, as part of their evaluation program, administered the CTBS 
in the fall of 1970 and again in the spring of 1971. This provided 
an opportunity to examine the performance of the experimental groups 
on a test which was of otherthanlocal origin. It must be emphasized 
that the pretest and posttest were administered approximately eight 
months apart and the period of this study accounted for. only three of 
those eight months. Nevertheless, if the assumption is made that all 
students received comparable instruction In the traditional classroom 
during the five months prior- to this study, the results of the CTBS 
. achievement testing deserve consideration. Tables 6 through 8 
present the results of the pre- and posttests on the CTBS mathematics 
subtest. . 

TABLE 6 



CTBS mean mathematics grade equivalents for each group 





Prsiest Mean 


Posttest Mean 


Adjusted Mean 


HCR (n=15.) 


7.9 


9.2 


8.4 


LCR (n=12) 


5.0 


6.1 


7.2 


All CR 


6.7 


7.9 


7 .8 


HTR (n=17) 


7.4 


8.3 


7.7 


LTR (n=16) 


5.4 


- 6.0 


6.9 


All TR 


6.4 


■ 7.2 


7.3 



Because of- the differences which existed between the groups 
on the pretest,- an analysis of cdvariance with the pretest as covariate 
was performed on the posttest scores. The adjusted means are shown in 
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the last column of Table 6 and the ANCOVA summaries are presented in 
Tables 7 and 8. 



TABLE 7 

ANCOVA summary table of CR and TR groups: 
variate =posttest score and covariate = pretest score (CTBS) 



Source 


df 


MS F 


P 


Total 


58 






Error 


57 


1.8321 




Treatments 


1 


3.6244 1.978 


>.10 






TABLE 8 




variate = 


ANCOVA summary table for all 4 groups: 
posttest score and covariate = pretest 


score (CTBS) 


Source 


df 


MS F 


P 


Total 


58 






Error 


55 


1.7019 




Treatments 


.3 


4.8162 2,83 


.05 



Table 6 shows that the. CR groups exhibited greater gains than 
the TR group of similar ability, providing results which are somewhat 
different from the outcomes of the previously described testing situa- 
tions. Where the previous tests showed mixed results, the CTBS tests 
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indicate the CR students performed better than the TR students at 
both ability levels. This is particularly evident among the lower 
ability students where the LCR students began the year .4 grades 
behind the LTR students but were .1 grades ahead on the unadjusted 
posttest mean and .3 grades ahead on the adjusted mean. The probability 
of a significant difference between the HCR and HTR groups, in favor 
of the HCR group, was slightly greater than the .10 level on both the 
unadjusted and the adjusted means. 

Question 2: Movement Through the . 
Instructional Materials 

Does the mode of remediation received affect the rate at which 
students progress through the instructional materials? 

Number of units- comptfe t ad. Tiie rate at which the four groups 
moved through the Instructional materials was closely monitored. Table 9 
shows the mean number of unltscompleted by each group at three week 
intervals throughout the 15 week study. 

The figures in Table'9 can be considered accurate only through 
the ninth week. At that'time^'the higher ability students were moving . 
into the portion of the materials where no remediat^on^was. provided. 
This freed theterminals for more extensive use by the lower ability 
students during class time, which partly accounts for the anomalous 
situation at the end of 12 weeks' in which the HTR and LTR groups had 
completed the same mean number of units. 

The data- at the end of nine weeks, when analyzed by the Mann- 
Whitney U Tests show no significant differences in mean number of units 
-completed betweenall CR and TR students or between LCR and LTR students. 
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TABLE 9 





Mean n 


amber of units completed 


by each group 




Time 
(Weeks) 


Remed. 
Mode 


. Ability Level 
High 


Low 


Total 


3 


CR 


10,2(n=19) 


8.1 (n=17) 


9,2 




TR 


9.6(n=18) 


8.3(n=16) 


9.0 


6 


CR 


17.6 


13,2 


15.5 




TR 


15.3 


13.6 


14.5 


9 


CR 


25.4 


18.4 


22.1 




TR 


21 .2 


19.9 


20.5 


12 . 


CR 


31.4 


24.4 


28.0 




TR 


. 27.8 


27.8 


27.8 


15 


CR 


40.9 


34.5 


37.3 




TR 


37.1 


34„6 


35.9 



However, the probability of a significant difference in favor of the 
HCR group over the HTR group was between the .05 and .10 levels. 

Rate of Movement . A closer examination of the rate of movement 
through the materials is graphically presented in Figure 3. Calcula- 
tion of average movement rates indicated that very high rates at the 
beginning and end of the study tended to obscure rate measurements 
in other time segments:. Therefore, the rate of movement was calculated 
for each separate three-week time period. 
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When it became apparent-at about the twelfth week' that most of 
the students were going to reach the 31 unit plateau, the two lower 
ability groups reacted in startlingly different manners. The LTR group, 
upon completion of the minimum amount of work required of them, did 
very little more. The LCR grqup, on the average approximately 3.5 units 
behind the LTR group at the end of 12 weeks, continued working at a high 
rate, reached the 31 unit plateau, and pushed beyond it. In the 
high ability class, it had become a contest and a matter of prestige to 
see who could completethe greatest number of units. These factors are 
reflectedin the varying rates of movement observed in Figure 3. 

The figures in the lastcolumn-of Table- 9'indicate that the CR 

groups compl eted ■ a ' greater • number ' of " uni ts throughout ■ the study than 
didthe TR groups; ■ ■However, si nee -this difference was not statistically 
significant, itwoulr'. appear that mode "of femediation had no effect 
on the rata of' movement through'the'lnstructional materials. 

Questi on 3 : ■ gtudent Atti tudes. 

- Does the presence "of computer-managed individualized instruction 

have an effect on the student's "attitude toward mathematics? 

in investigating -the feasibility of a new instructional program, 
it would seem to be wise-not:to-ignore"theeffect of the new program 
on the atti tudes of' the -students -toward the program and toward the subject 
matter involved. This/would seem'to be especially true in mathematics 
where research has shown "an extremely- close 'relationship' between attitude 
and- achievement -(Aiken, 1970). 
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To investigate'theattitadesof the'Wakulla students toward 
the computer-managed- individualized instruction program, attitudes 
were assessed in three areas : ' mathematics in general , computer- 
managed Instruction, and individualized instruction. 

General "mathematics attitudes ;' 'The' median score on the Dutton 
que'stionh'aire on both the pretesfand' posttest was 84, On- the pretest, 
35 students scoredabove the median 'and 36 below. On the posttast, 
31 students scored above the median and 33 below. The Median Test 
of these dataindicated(p>;90) "that the two sets of scores came from 
the same popul ati on , 1 eadtng • to ' the concl us ion' that the students ' 
attitudes -toward mathematics in-general were-not affected -by the computer 
managed individualized instructionaVprogramv ■ In addition, no signi- 
ficant differences in'attitudes'wereobserved when the "students with- 
in each remediationmdde were divided according to ability. 

CMI/ j>ndi vidua! i zed " i ns truct i on atti tudes . On the'Brown question- 
naire .inco'rpopating both subscales , the initial testing provided a median 
score of 138.5 and the median score on the' posttest was" 141 . On the 
initial testing; 34 students scored above the median and 34 were balow. 
On the posttesti 35 students exceeded 138.5 and 30 fell below. Even 
though the median "increased between measurements, the Median Test indi- 
cated (p>.50) that the change in'distribution was not statistically 
significant. 
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On the CMI subscale, the initial testing demonstrated a median 
score of 79,5, wi th' 34 students ' scores falling on each side of that 
figure. The posttest medianwas SO^S, with 33 scores above the 
initial median and 32 below, resulting in a minimal change. When the 
posttest data for thissubscalewere divided and analyzed according to 
remediation mode, it was foundthatig CR students scored above the 
initial median and' 12 were below. In contrast, 14 .of the TR scores 
were above the same figure and 20'scored below. The probability of a 
significant difference- between thesescore distributions was between 
the .05 and .10 levels, indicating that the CR students' attitudes 
toward CMI became more positive while-the TR students' attitudes 
toward CMI became more negative. 

Somewhat different results for the entire group were obtained 
on the individualized instruction subscale. The median score on the 
initial testing was 59 and the posttest median was 61.- On the initial 
test, 30 students, scored above 59 and a large number of ties resulted 
in 38 scores below 59. On the posttest, however, 38 students scored 
above 59 while 27 were below. The probabil ity of a significant dif- 
ference between these ■ score ' di stri butions was si i ghtly greater than 
the .10 level, indicating that even though the attitudes toward mathe- 
matics in general- and CMi did not change, the students' attitudes toward 
individualized instruction perse tended to become- more positive during 
the study. 

A further indication-ofthispositiveshift-in-attitudes is seen 
in the responses to a question which was asked at the end of the study. 
When asked "Compared to how you feltabout mathematics before we started 
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the CMI program, how do you foe! now?", 49 of the students (71%) responded 
to the choice- "much better^ 15-(21 .7%) replied "better", four (5.7°^) 
replied they felt the same; and one - student (1 .4°^) indicated she felt 
worse about mathematics;- This evidence- indicates the merit of a 
program of indi vidualizedinstraction, 'whether it' be automated or 
nonautomated. 

Question 4; Impact on the Teacher 

What effect" does -the presence- of computer-managed instruction 
have upon the functions and daily actions of the teacher? 

The introducti-on-of the CMI program created a significant change 
in the day todayactivitiesperformed by the teacher, both in and out 
of the claissroom. 

In-class activities : Priorto the study, -the teacher's in-Class 
activities consisted pr1|7iarily of the activities normally associated 
•with a traditional mathematics classroom. The, majority of the class 
period was spent in'the mass dissemination of information through lecture 
and demonstration, and a short period of time was allowedfor the stu- 
dents to work on the assignment; ' During that time the teacher usually 
worked with some students individually ; but this individual contact was 
extremely limited'due toclass enrollments in excess of -30 students. 
Periodically, an ■entire class period was devoted to testing, during 
which.the teacher usually graded -papers or began preparations for the 

next set of lessons. 

While the CMi program was in progress, the teacher spent all his 
time in individual contact with the students. Some students -we re calling 
on him for help with the material - in the book! fits' while others were re- 
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quiring remediation after failure of a test. Thus, he was constantly 
in demand. If he moved about the room helping students, there were 
always several hands up "where students were waiting for him to come 
to their desknext: ' ' If he remained seated at his desk, a minimum of 
six or eight students quickly-gathered around him. 

The teacher 'found this opportunity to engage in activities of 
a more interactive, tutorialnature to be a stimulating experience, 
both personally and professionally. In the personal context, it allov/ed 
him to become better-acquainted with his students and their unique 
characteristics as individuals in a learning situation; • Professionally. 
rather thanbeing mefsly a dispenser of information, he was provided 
an opportunity to perform at "a higher level of professional competence. 

Out-of-class activities . With the exception-of assigning grades . 
and filling out grade cards -every six weeks, the teacher had no duties 
to perform outside the classroom. It was not necessary to do any 
planning for the two CMIclasses since the booklets had already been 
developed and sequenced; • The-most significant factbrin- the reduced 
workload, however, came from being' freed from the clerical duties which 
consume so much: of ateacher's time outside of the classroom. He had 
no papers to grade and record- and no' tests togenerate, 'score, and record. 

Since two of his ^ four classes had been converted to CMI, his 
outside workload was effectively cut in half . This' extra time gained 
was utilized inadditional planning for the two lower ability classes 
on his schedule. . 
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Question s; Economic Factors 

What are the costs'of a- terminal -oriented CMI system? 

Procjram costs . The costs of the development and operation of 
the CMI course for 70 students- for 15 weeks are presented in Table 10. 

TABLE 10 
Cost Data 



Developmental 



1. One graduate student spent approximately 180 hours on 57 units, 
20 hours/week @ $138.80 biweekly $625.00 

2. Materials and duplication 100.00 

3. Computer Coding Time 50 hours @ $3.33/hr. 167.00 

4. 57 instructional units @ JllO.OO/unit 6.270.00 

$7,162.00 

. $7.162.00 . 

T hour per day X 75 days X 70 Students (5,250 hrs.) = $1.36 per Stu- 
dent hour 

Operational 

1. Teacher. $6,500/36 weeks X 15 weeks X 1/2 Time 1,354.00 

2. Two terminal room proctors .,1,500.00 

3. Computer time 375 hQurs/$3.33/hr. 1 ,248.00 

$4,102.00 

$4,102.00 



5,250 hours - $.78 per student hour 
Total Hourly Cost - $2.14. per student hour. 



Since only 70 students were involved in these calculations, 
the developmental costs comprised an inordinate proportion of the total 
instructional costs. 
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Computer time . It would seem that the presentation of remedia- 
tion to one group of students would cause that group to spend more time 
in direct (on-line) computer contact. This in turn would make computer 
remediation more expensive than teacher remediation within a CMI format. 
Analysis of the on-line time by remediation mode and ability level, 
as presented in Table 11 , indicates that isn this particular study the 
above assumption was not valid. 

TABLE 11 

Average amount of time (in 'minutes) spent 
on line during the 15 weeks. 

Ability Level 

Remediation Mode High Low Total 

Computer 298.8 346.8 322.8 

Teacher 300.5 345.7 323.1 

Total 299.7 346.2 



It is obvious that the only significant difference appearing 
in Table 11 is the difference between ability levels. The median 
on-line time was 312.5 minutes. Twelve high ability students were 
on line longer than that and 25 less. Of the lower ability students, 
23 were on line longer than the median figure and" 11 less than that. 
The Median Test indicated this'difference' was significant at less than 
the .01 leveT of probability. Since communications costs represent a 
substantial portion of the cost'of' terminal -oriented CMI, these data 
indicate that ability level could, be a more crucial economic factor than 
remediation mode. -• 



V. DISCUSSION AND CONCLUSIONS 

The primary piur^se for csiaductinQ ihir« sfedy was to investigate 
the feasibility of a terminal -oriented Cl€ program in a public school 
setting. One of the- capabilities of terminal-oriented CMI is the provi- 
sion of remedial assistance to the student in fihe event a test Is 
f ai 1 ed . The ' ef fectf veness # ssipiier-presiffinterf remedi al assistance 
and its viability as an alternative to teacher-presented remedial 
assistance was the specific factor under investigation. 

The five questions which this stu4y stfetii^ted to tfisy^r can 
grouped into thre| fnajOf #rfeSS llt«lt shou be considered in determining 
the feasibility of an instructional system. They are the program's: 
(a) effect on the students; (b) effect on the teacher; and (c) economic 
factors. The purpose of this chapter is to summarize the findings of 
this study :n each of these areas. 

Effect on the Students 

Measurements of the effect • of- the ■ experimental ■ i ns tructi onal 
system on the studentsweretaken in- both the cognitive and affective 
domains. In the cognitivedomain, performance data- were gathered 
through both criterion-referenced' assessment instruments "and norm-re- 
ferenced achievement- tests; ■ From the affective domain -student attitudes 
toward mathematics and the- CAI/CMI system were sampled. 
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. Student perfonnance > The data from the primary focus of this 
investigation, teacher remediation compared to computer remediation, 
indicate no statistically significant differences in student perfor- 
mance between remediation imodes- Differences which existed between 
lower ability groups tended^to favor teacher remediation, and could 
have beem due to the possibility that the teacher remediation v/as 
more suRp^rtive in nature or tiiat the teacher might have provided more 
than two ti^ixamples to some students ♦ However, a concerted effort was 
made to maintain uniformity between remediation modest The more efficient 
teacter remediation for l<Mer at^ility students also could be due to 
characteristics of the computer remediation provided in this particular 
program, and should not be a condemnation of all efforts to provide 
i^emediati on via computer. 

It should also be noted that the remediation was considerably 
more efficient in the hi^^her ability groups than in the lower ability 
groups, a factor which could be related to the ability of the ICR group 
to read the remediation and to the possibility that more than two examples 
may be required for proper remediation. 

In general , the criterion-referenced performance indicators 
show nonsignificant differencesbetween CR and TR students. When th6 
CR and TR students 'were subdivided according to ability, nonsignificant 
differences again appeared between the high ability, gy^oups, but larger 
differences became apparent between the lower ability groups. These . 
differences favored the LTR students and^the majority of the differences 
were statistically significant. 



With the exception of the CTBS achievement test, the LTR stu- 
dents demonstrated pe'^ + o-'mdnce superb O'' to that of the lCR students. 
This difference was most notueabie m the testing situations. Both 
lower ability groups demonst rated reiative'-y high success rates on. 
the individual units, with the ICR performance 'eve' W'th^n 3% cr- the- 
level of the LTR students. Uni ortunete ly - this success rate did not 
carry over to the re^^iew, post- , and ' etention lest-ng Situations. 
Both groups per+o'-med 'ess we'i on these tests, and The LCR group aiear.. 
fell seven to ten points be ' :v>.s tr-i;? of the L'^R y'C' p, it appears that 
allowing a student to progt-ess at his own rate thrcugh the mstructiona; 
materials had -a posi ti ve eftect on performance ip the day-to-day situa- 
tion, but did not carry ove' to the testing snuation. The higher 
test performance of the L^R group mu)(i md'cate that interaction with 
a teacher during remediation had a more positive eftect on lower abi lity 
students than computer remedidt'on , placing great importance on the 
nature of student-teache^ relationships fo? lower ability students. 

The indication that teacher interaction is more important for 
lower ability students is turthe.' reinforced by the nonsignificant 
differences in performance between HGR and HTR students, The high 
ability students in thisstudy apparently were able to work independently 
without heavy reliance upon the. teacher and to maintain a high perfor- 
mance level. This would indicate that the provision of remedial assis- 
tance via computer would not have an adverse effect pn the course 
performance or .overal 1 achievement of hi gher abll i ty students . 
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The norm-referenced CTBS achievement testing yielded data 
which only partially agreed with the data from the criterion-referenced 
tests developed in conjunction with the program. On the CTBS the CR 
students performed better than the TR students at both ability levels. 
A possible explanation might- be that through personal characteristics, 
inadvertent actions, or subtle voice inflections which could pervade 
the student-teacher interaction, the teacher might unintentionally 
focus upon the inmediate'Objectives of the program. In other words, 
the "teach to the test" phenomenon could enter into the teacher-pre- 
sented remedial activity. In contrast, the computer treated all stu- 
dents equally and provided exactly the same remediation to all students 
regardless of ability. These factors may have reduced the tendency 
to focus on immediate objectives, allow better generalization to occur, 
and resulted in better performance by the CR students on the norm- 
referenced, broader-based achievement test. 

* Rate of movement ; The data regarding the rate at which the 
different groups progressed through the instructional materials indicate 
that ability level was the primary determinant, not the mode of remedia- 
tion. The CR students completed a greater mean' number'of "units than the 
TR students, but this'difference was not statistically significant. 
Thus, remediation mode had little effect on the students' rate of move- 
ment through the learning materials. 

Student attitudes .Perhaps the most, important aspect of the atti- 
tude measurements i s not the small magni tude of the pre-post ■ gain , but the 
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high level of the posttest" scores . Regardless of the scores obtained 
on the pretest, which were obviously positively skewed, it is apparent 
that at the end of thel5 week period the students exhibited highly 
positive attitudes toward both mathemetjcs in general and CMl/ individ- 
ualized instruction in particular. Ths5e high positive attitudes 
toward the CMI program are especially noteworthy in- light of the fact 
they were measured on the next-to-last day of the academic year. 

Closer examination of theCMI and individualized instruction 
subscales of the Brown questionnaire indicates that all median scores 
increased from the initialtesting to the final testing except for 
the TR students on the CNl subscale. Their median score decreased. All 
the students indicated that the use of the computer terminals was the 
most exciting part of the program. Evidently, then, the less extensive 
use of the terainals by the TR students led to a reduction in their 
attitude toward the CMI program; Another factor which may have contri- 
buted to this situation Is that when the TR- students failed a test, 
they were required to tear the paper off of the teletype and take it 
back to the classroom to get help from the teacher. Therefore, when 
a student walked into the room with a long piece of teletype paper 
in his hand, everyone' in the class knew he had failed a test. The CR 
students were able to fail in privacy. 

Effect on the Teacher V 

In this study, the HCR and HTR students demonstrated equivalent 
performance levels which were significantly higher than the performance 
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levels of the LCR and LTR students. Within the lower ability groups, 
teacher remediation appears to have had a more positive effect on 
student achievement, indicating that the presence of a teacher is an 
important factor in the provision of learning experiences for lower 
ability students. 

These observations offer implications for tho recent movement 
within the schools toward a more flexible use of thetime and talents 
of classroom teachers Since hi abil ity- students ' apparently can 
work independently, receive remediation from a computer if necessary, 
and maintain an acceptable level of performance, it would seem that an 
aide or intern could supervise the learning activities of those students 
in the kind of program offered in this study. This would free the more 
hT ghly-ski 1 led teacher to work indi vidual ly wi th the 1 owe r abi 1 i ty 
students who seem to need their attention more. The teacher could 
focus more closely on identifying the particular learning difficulties 
of the individual students and the prescription of learning experiences 
which could alleviate those difficul ties.. 

The teacher who participated' in this study was not operating under 
typical conditions which would be present in; the usual CMI^ classroom- 
appli cation • The experimental teacher was only minimally involved ; 
1n the preparation of the instructional materials and remedial exercises 
for the study. In the usual situation the teacher would be involved 
in the developmental activities; the implementation procedures > and the 
evaluation and revision methods/ Thus, the usual teacher would not find 
his workOoad cut in half as did the experimental teacher . However, the 
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usual teacher, relieved of the mind-numbing clerical duties which 
consume so much evening and weekend time, would be involved in the 
professionally higher level developmental, prescriptive, and diagnos- 
tic tasks for which he was trained: The teacher would be equally as 
busy in a CMI situation as in a traditional program, but his energies 
would be directed toward those more professionally satisfying tasks 
he is most competent to perform. 

Economic Factors 

Table 10 indicates thatthe cost per student instructional 
hour of this study was $2.14. The immediate impression is that this 
is an exorbitant cost and that such a terminal-oriented program is 
far from feasible in a typical school system. It must be remembered, 
however, that this was an "add-on" to the norma! school program, and 
since it involved only 70 students, the cost is; indeed exorbitant. 
However, because this'research was designed to investigate an instruc-- 
tional system which might exist in the future, it will be necessary 
to discuss the economic-factors surrounding the study in terms of the 
future. To provide a more reasonable; level of: analysis, the calcula- ' 
tions will be based on: 700 students rather than 70c 

Two major assumptions underlie this cost analysis^ first 
Is that schools 'wilT'continue present trends and imple pro- 
grams of individualized instructionrbased on differingstudent needs 
and learning' capabilities. The second assumption is that the two 
remediation modes are/ equal ly effective in bringing about 'student learning. 
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In regard to the first assumption, the' provision of a program 
of individualized instruction should tend to increase the cost of 
traditionally administered instruction (TAI). The teachers and all 
the school facilities would needto be provided to the students for 
the same number of hours as af present, but to these fixed costs 
must be added the cosfof developing the instructional materials needed 
td support a program of individualized instruction. The costs incurred 
by Palm Beach County in developing the macerials used" in this study 
amounted to $110 per unit: ^ When-multiplied by the 57 units used in 
tha study, this costamountsto'nearly $6300, 

In a normal si l;iati on, as opposed to a short program like this 
one, these costs'would be amortized- over a period oftime. Using the 
standard five year 1 ife span of a textbook as. the amorization period 
and adding additional printing Charges , an annual cost of •approximately 
$1300 is realized;- Dividing by 52,500 instructional hours provided the 
700 students during the' study, it is found that an additional $,03 per 
hours must be added to thebase costof TAI in order to provide a 
nonautomated individualized instruction program. 

Recent U;S.-Office-,of\EdQcation;estimates place the cost of , 
elementary and secondary education during the 1970-71 school year at 
$.38 per student hour (Kopstein &vSeidel , 1969) the cost 
of basic services plus the software necessary for a nonautomated 
individualized instraction program'for 700 students would be $.41^ 

per student hour. 
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Using the $.41 par hour as the basic cost of the teacher, 
facilities, and software, it is now possible to calculate the cost of 
providing an individualized instruction" program supported- by a terminal- 
oriented CMI system. • It should be noted that the figure of $3.33 per 
hour charged by theFSUCAI Center for the use of the IBM 1500 CAI 
system is somewhat inflated due to a nonutili zati on charge. Stolurow 
(1967) estimates that with student use of the terminals for two 
normal school-day shifts per day, the cost .of the IBM 1500 could be re- 
<^uced to $1.95 per hour. At that rate, the 3,750 hours required for 
the program would result in computer' charges of $7,312; Adding this 
figure to the costs for eight' part-time proctors ' results in an opera- 
tional expenditure of $13,312, yielding an hourly cost of $. 25. The 
remaining developmental costsiwhen amortized over five years and 
divided by 52^500 hours, amount to less than one-half cent per hour, 
and may be dis regarded . Thus , the: cost • of providing terminal -oriented 
CMI in addition tothe individualized program would total $;65 per hour 

This increase in cost canonly be justified by an increa in 
student performance. Sirice the CR students in this study demon- ^ 
strated equi val enf, but ■ not- superior, performance , this cost overage of 
60% cannot be considered fea^ibleat the present time . However, pro- 
jections of present economic trends 'into the future indicate that a 
changing picture, may be emerging. 

It' is general ly acknowl edged; that computi ng; hardware costs are 
decreasing due to mass production methods and technological advances v 
At the same time, moreover, ; personnel costs are ris i ng . For the 
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purpose of these projections »■ it will be assumed that hardware cost 
decreases will be balanced by personnel cost increases and the cost 
of an i ndi vi dual i zed ■ program wi th termi nal -or i anted CMI capabi 1 i ti es 
will remain constant at-$;66 per hour, 

USOE estimates indicate the $.38 per hour cost of 1970-71. will 

increase to $.42 by 1974-75, a four-year increase of 10,5"/^. Assuming 
this rate of increase to be constant and beginning with a 1970-71 cost 
of $.41 per hour, projected costs of teacher administered individualized 
instruction should reach $.66 at about 1988. This is a conservative 
date, however, due primarily to two factors. First, the figure of $.'41 
per hour for a nonautomated individualized instruction program assumes 
that the teacher is the entire information management system, an impossibl 
assignment. No individuaV teacher could possibly cope with the itioun- 
tain of prescriptive; diagnostic^ and evaluatiVedata generated by an 
individualized program'. Clerical or mechanical assistance will be needed 
to provide a management system, thereby increasing the costs of 'TAl at 
a rate greater than 10.5%., Secondly, if a terminal -oriented CMI program 
was present in a school , an ai de or i ntern ' (two or three of whom can • 
be obtained for the money allocated for one teacher unit) cpuld super- 
vise the learning activities of many of the students, leaving the master 
tfiacher free to work with individual: learning difficulties . An example:, 
a typical classroom adult/pupil ratio of 1 to 30 would require eight. 
. teachers (not counting teachers for' special areas such as art and musi c) 
to accommodate 24G students. > If four:teacher units were traded for eight 
strained paraprofessionaTs , an a :to ;20 ;xould :be , / : 
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achieved with no increase in expenditure, A net reduction in the cost 
of instruction shocild^result duetto more' efficient use of the higher- 
paid teacher^stimei'increased frequency of pupil contact with adult 
assistance, and provision of remediation by conoputer. 

If the assumptions ^which' have/ been made are true, and if the 
projections made herein, based on '1970-71 dollars and not considering 
inflation, are accurate, the'cost of a teacher administered individ- 
ualized program and the"cost of an individualized program supported by 
a terminal -oriented ^CMI- system should become equal near the year 
1980, 

The projections "just presented are based on the very important 
second assumption: of equal effectiveness of teacher and computer reme- 
diation, and if the data from this study are applied in terms of the 
performance of the TR students compared to the CR students, the assump- 
tion appears valid students in the two remediation 
modes are subdivided according to. ability, the data do" not meet the 
assumption. Therefore, it will be, necessary to modify the above projec- 
tions wi th the phrase ' "for high abil i ty students . " The performance 
differential between the tTR and LCR students would indicatethe provision 
of compu1;er remediation to students performing below grade .level would 
not be feasible, . 

The 1 ower abil i ty students i n thi s study averaged • 7 grades bel ow 
grad^ level on the XTBS achievefnent' test. It is obvious that further 
rese$irch. is needed to determine at'what nbility level the computer remedia- 
tion would become feasible; ' RepTication^of this research in other 
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academic areas with other students is needed to determine if these 
results are related only to these students and to mathematics , 

Conclusions 



Considering both quantitative data and information of an observa- 
tional nature, the following conclusions arise from this study: 
1. Computer remediation allowed higher ability students to maintain 

acceptable performance standards , but teacher remediation had a 

more positive effect on the lower ability students.. 
,2. The students exhibitedgreater pleasure with their mathematics 

class due to the absence of daily lectures and homework. 

3. The students developed closer relationships with th^ 

4. Mode of remediation had no effect on the rate at which the students 
moved through the instructional materials. The determining factor 

here was ability level . 

5. Due to extremely high pretest levels; the students did not exhibit 
significant attitude gains: Hdwever; highly positive attitudes toward 

• /mathematics in general iCMI rand indiv instruction were exhl- 

bi ted iat the :end of the study . The CR; students demonstrated more pos i 
tive atti tudes; toward the CMI 'program; in parti cuU TR 

■': .students.:, ',„ 

The teacher developed a betterrapport with his students^a^ was able 
" to work more easily with them -in the diss^^^^ 

difficulties with the instructional mater ials^^ ^ ; ' 

7.- - The- teacher: f^ 
■ ' Vsituatioh /t^ 



8. Freed from clerical tasks and with the needed assistance in managing 
the individualized program, teacher was able to perform at a 
higher lever professionally. 

9. A terminal-oriented CMI system is, nofeconomically feasible at 
present in a typical public school system. Baf-ring a significant 
breakthrough in terminal and communication costs; the earliest 
date of feasibilityfor high ability students appears to be about 

■; '.1980.;,- 

10. Until educational' research-discovers better methods of alleviating 
the learning difficulties of students •performing belowgrade level, 
the ecqnomic-utility of providing computer remediation for such 
students Is questionable. 
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